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(54) FREE CUTTING STEEL 

(57)Abstract 

PROBLEM TO BE SOLVED: To produce a free cutting steel excellent in machinability by specifying its chemical 
compsn. and the number of inclusions. 

SOLUTION: This low carbon free cutting steel contains alloy elements of, by weight 0.02 to 0.15% C, 0.6 to 1.5% Mn, 
0.04 to 0.20% P, 0.10 to 0.50% S, 0.10 to 0.40% Pb and 0.010 to 0.020% 0 as fundamental components, in which the 
content of Si is furthermore regulated to ≤0.005% and Al to ≤0.0004%, contg., at need, one or ≥two kinds 
selected from among 0.003 to 0.15% Te, 0.02 to 0.20% Bi and 0.02 to 0.30% Se, and the balance substantially Fe, and 
in which the number of oxide inclusions which do not compounded with sulfide inclusions is regulated to ≤30% that 
of the total oxide inclusions and is obtd. by continuous casting. 
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(54) [»9!0«ft] MRM 



(57) [CM] 

^^7n^^^^^SST% C : 0. 02- 
0 . 15%, Mn:0. 6 — 1 . 5 %, P : 0 . 04- 
0. 2 0%, S : 0. 10-0. 5 0%, Pb:0. 1 
0 — 0. 4 0%, 0:0. 0 1 0 — 0. 0 2 0%^!^ 
f&ftt U Jf)CSi : 0. 0 0 5%JgAT, A 1 : 0. 
0 0 0 4%£TF«wf&JI8U ^glcUCTT e : 0. 0 0 
3 — 0 . 15%, B i : 0 . 0 2 — 0. 2 0%, S e : 

0. 0 2-0. 3 0%<Do hfrbmAsfz imitti\t.2m 

mjkftizmm&<» 3 0 %«K*fc5 r <t &«hk * -rsss 
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[#fH6#0>ffiiH] 

[l»#J5 1 1 Ift, C : 0 . 0 2 — 0. 15%, M 
n : 0. 6-1. 5%, P:0. 0 4 — 0. 20%, 
S:0. 10 — 0. 50%, Pb : 0. 10 — 0. 40 
%, 0:0. 0 1 0-0. 0 2 0%il*fi»tU S 
<b {C S i : 0 . 0 0 5 %J^T, A 1 : 0 . 0 0 0 4 %£A 

X^&Mftfta 3 o %KTt?*>5 r £ &<NHtt £ -T Siilft 

[!8#>S 2 ] Sfi-e, C : 0 . 0 2-0. 1 5 %, M 
n : 0. 6 — 1. 5%, P:0. 0 4 — 0. 2 0%, 
S : 0. 10 — 0. 50%, Pb : 0. 10 — 0. 40 
%, 0 :0. 0 1 0-0. 0 2 0%^S«»^l, $ 
P)CS i : 0 . 0 0 5 %£XT, A 1 : 0 . 0 0 0 4 
TWMGRU Te:0. 0 0 3-0. 1 5%, 

B i : 0. 02 — 0. 20%, Se : 0. 02 — 0. 3 

*1feMM. 

[0 0 0 1] 
[0 0 0 2] 

4 9, X^tta«c«toTttJK»U*V^«»«--efcoTt 

^xflr^^-T) tcj:6gJffltc*5^5>xA^(Otf bot 

«lc*:#<, Sb^SttfiiJtttojcjettioJit/TIS^ifiii 
[0 0 0 3] 

<C«t6«3»J«C*3»-tSX^#A*5 < tUf-?:0^3£ttS:rSl±-r 



y H:i5lA»AO«5)0#(0»HS:«fMU, -tub 
fc*. 

[0 0 0 4] 

tfP b ^^*D L^ttfi'JWoajBEttjStt-^^WS^-f *X 
10 [0 0 0 5] ig«»3t«-0^ffi»0»»n ^MaSi 

ics i *5j;tfA i z^&mwmtvo-ehz. s i&xx* 
a i *^t*mt^ftteto<Dm\*mm'ik<no , s i 

O'A l <7)fflft^fCi5im^$ix5. %ffift£tt>r > 

#J»^'5r«6-efc9, SOT^Si, A 1 ^tfOfi&ftJ 
SMtfttf)*, ia*!3j;V#*»«i:^><^XA»*(08B 

[0006] r.tue>2aoK^b«j^^?£»ofi[<oay3eji 
^tE^}(om^±m[:^)^tE^o<Dm^<D 3 o%£tf 

•Cfe5i:tftt>fi»*^^XA^A^#e>tt^. :<£> 
-ett*ffi«U Si, *3j:t5A 1 ^#*-**tt*#x.6 

[0 0 0 7] *fBWic^»te*tfefi"]«lrt:, S 

ft, C:0. 02 — 0. 15%, Mn:0. 6 — 1. 
5%, P : 0. 0 4 — 0. 2 0%, S:0. 10 — 0. 
5 0%, P b : 0 . 10 — 0. 40%, 0:0. 010 
-0. 0 2 0%^S«»a, $bfCSi :0. 0 0 
5%WT, Al : 0. 0 0 0 4%£*T«C»J|SU ^gRU 
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Te : 0. 003 — 0. 15%, B i : 0. 02 — 0. 
2 0%, Se:0. 0 2 — 0. 3 0 %<D 0 hfrbm/vti 
l ®£ fcl* 2 1«±?:t^ -T 5 £ <b tc«B«Jtt(c@^^ 
9Jffl^i2^P^if^ 2-o<D3gfpU 9 ft© fc 
5. 

[0 0 0 8] *«^ORfi"J«Offl|5Rtfiffl<D|»^3®**CO 
[0 0 0 9] C: 0. 02 — 0. 15% 

l*45itt©ftTi:J: 9 «B«tt*fi±*"5»*a**>*. 
:(Dtfei:i^t^IiT0. 0 2%^li:t5^ 
tfhZtf, <£G&fcO. 1 5%«rtt;fc5fc*fiflW0>S!« 

5. 

[0010] M n : 0 . 6 — 1. 5% 
Mnl^8'ii4cO[6]_h{cWJa*Mn S^fcttMn (S, T 
e, Se) &£/££^5fc«>{Ci&g/jr5G*^fc9, ^* 
ft^O. 6%*i«-Ctt:jlMB*DXttds^tU. l. 

'mt-tZ. <fcoT, MrKO^WiiiO. 6—1. 5 % £ 

[0011] P : 0. 0 4-0. 2 0% 

*\ <&*ft#0. 0 4%*i«-Cttcrix6>oa*d s ^S 
<, 0. ■ 2 0%S:jBAT**$n*tJRWWDX*c*5WS 
Sffi*|S6#*< fc£>. <toT, P<D^*fil20. 0 4 — 
0. 2 0%^f5. 

[0012] S:0. 10 — 0. 50% 

s>sa*, $**#o. io%*a-?ita*^$< f * 

fc, 0. 5 0%^S^5<i:^ra»DX^J:D t ^O{g:T 
#*LV\ JloT, S^*gl3:0, 10-0. 5 0% 

[0013] Pb : 0. 10 — 0. 40% 

p b tt*BiJtt±«oi^±*c*a*7c*-e*) ^ , ***** 

0. 1 0%5Wd-ett»*3»/hS<, *fc, 0. 40%* 
tt*5tfl!llBiDXtt*3j:VJBtt(0(B:T**«Li\ £o 
T, Pb<7)*^ail0. 10 — 0. 4 0%^t6. 

[0014] O : 0. 010 — 0. 020% 
0«ffi{t*OfitBJe«8S:iE*-r55c;*-efc9, 0. 01 

BiJ*0X(c*3i+5XA»tflid5*ft-r5. o. 02 0 

%£S8;tSitt{MfcriSi«aoU ^-f^X^(cJ:59Jfi'J*0 
XJc*5it5X***^*Mt-r5. Lfc^oT, O^l 
iliO. 0 1 0-0. 0 2 0%i:t5. 



[0015] Si :0. 00 5%&LT 

it, /^7lfl*ftSr^kH5. -eco^Si^O. 0 0 

£0. 0 0 5%«Ti:t5. 

[0016] A 1 : 0 . 0004 %£AT . ' 
A 1 ts i kl£<m&<n&®**X.Z>i><DX*1b*) t S i 
(Om^X r> fc^OjKS^t < , 0. 0 004%*ii 
10 5£W*x^fMiiS:#fl:$-&*. Lfc^otAl^ 
**ttO. 0 0 04%)^Tit5. 

[0 0 17] Te : 0. 003 — 0. 1 5% 
T e ISS t t fclCMn iffrfrU M n S CDj^H«C(SiB^ 
<DMn (S, Te) ZMfc-fZ ^ £ *C J: 9 $fcRfl;&0X{C J: 

0. 0 0 3%*?»-Ctt:ja*J&S'h£ < , 0. 15%*Si 
S^IRHianXtt**-*-*. iotTe^ttliO. 0 

0 3-0. i 5%t1rz>.. 

20 [0018] B i : 0 . 02 — 0. 20% 

b i temmz&wi-ZTcm-eibV , m^co^m^^ 
x&mtzfczxmm&tiz>&, o. 0-2 

d*/h*<, 0. 2 0%^Si5i:iF^DItt^St5. 
ioTBi^iliO. 0 2 — 0. 20%£-T£. 
[0019] Se : 0 . 0 2 — 0 . 30% 
SeliSitfcCMn^ft^U, Mn (S, Se) 

■r^S^/SCTSiDStbS^, o. 0 2%^ltiiM 

^ / Jn$< > o. 3 0%*ii5^Mn (S, Se) 

30 mmm& ±# L*s»jttofl±»***ttfnr * * 1 1 

jD»ffl* s *<*4. ctoT, Se^MiftO. 0 2- 
0. 3 0%^t5. 

[0020] mtmTkfttemhm&^x^te^mkmTk 
ifr&mz'^ ^xASr««w<cjea$i^s^ffl^^tNfe 

«>**fi«i-*ri:^H*ix5. »****^±EIS* 
»*^ft»«>*^tt{t»3R*«E««>«*^ 3 0%£iS£;i 

40 iM*^a«o3 o%j^T<h-T5. 

[0 0 2 1] 

IRSJEEiS^i^WSIft^iDXJCj: 0 i£S 1 6 mm 
OAiffi Lfc. 
[0 0 2 2] 
[Si] 
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No 


C 


Mn 


P 


S 


Pb 


0 


Si 


Al 


Te 


Bi 


Se 


Nl 


0.05 


0. 74 


0.051 


0. 15 


0. 14 


0.018 


0.004 


0. 0003 


- 


- 


- 


N2 


0.08 


1.09 


0. 049 


0.30 


0. 30 


0.016 


0.003 


0. 0001 


- 


- 


- 


N3 


0.05 


I. 01 


0. 073 


0.26 


0. 17 


0.011 


0.002 


0. 0004 


0. 054 


- 


- 


N4 


0.06 


i. 13 


0.069 


0.29 


0. 18 


0.014 


0. 001 


0.0001 


- 


0. 13 


- 


N5 


0.09 


1. SO 


0.090 


0.22 


0. 20 


0. 017 


0.004 


0. 0002 


- 


- 


0.22 


N6 


0. 11 


I. 24 


0.068 


0.28 


0.22 


0.010 


0.005 


0. 0004 


0.033 


0. 10 


- 


N7 


0. 13 


I. 33 


0.079 


0. 15 


0. 16 


0. 018 


0.001 


0. 0003 


0.011 


0. 19 


0. 13 


Bl 


0.04 


0. 74 


0.054 


0. 15 


0. 12 


0.016 


0.007 


0. 0008 








82 


0.07 


I. 05 


0.052 


0. 3L 


0.27 


0.015 


0.009 


0.0011 








BS 


0.O5 


0. 99 


0.065 


0.23 


0. 18 


0.014 


0.003 


0. 0009 


0. 056 






84 


0.06 


1. 11 


0. 076 


0.30 


0. 18 


0.014 


0.009 


0.0004 




0. 14 




R5 


0. 09 


1. 27 


0. 080 


0.23 


0.24 


0.016 


0.009 


0. 0009 






0.23 


R6 


0. 12 


1.49 


0. 045 


0.27 


0. 20 


0.014 


0. 006 


0. 0007 


0. 032 


0. 11 




R7 


0. 10 


1.09 


0. 054 


0.15 


0. 12 1 0. 025 


0.005 


0. 0004 


0.012 


0. 19 


0. 14 



[0 0 2 3] *l«C*5V^TNl*5J:t/N2ti*:«M<0|f 
R 6 tt^H-ettJRWPIN l)5^N6lc#tt, Si, A 

i co^-f tit*- jjh l < ttffi*a«**w<&»#ttH«>* 
*tL-co mm) 0*tf*an0m*ttna±R«rtt& 
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[0 0 2 5] 
[*2l 



No 


nm 


(96) 


(HO 


Nl 


ftmmam i m> 


2 8 


2 7 0 2 


N2 


&wmt* i 


1 2 


4 2 S 4 


N3 


xwmcm 2 so 


1 8 


8 0 3 3 


N4 


2 


6 


1 0 0 7 2 


N5 


*«a«(#2$o 


1 8 


1 3 3 4 6 


N6 


«9i«cm 2 so 


2 7 


1 8 0 8 8 


N7 


3fc«3§*<3$ 2 30 


1 2 


3 0 6 1 7 


Rl 


Jttt«K*fNl) 


4 5 


12 9 4 


R2 


Jttt4K*fN2) 


B 0 


2 0 2 4 


R3 




4 2 


4 0 0 7 


R4 




4 3 


4 9 8 0 


R5 


j±««g<*fN5) 


5 4 


6 0 9 0 


R6 




4 4 


8 0 2 2 


R7 


it««l(*tN7) 


2 7 


9 9 0 9 



[0 0 2 6] 



[153] 









*0 










S K H 4 


lOOm/nin 


0. !«■/ Elte 


1 no 


8 sin 





[0 0 2 7] £c 2 (C*5^T, WttK^ltVtttES 1 6 
mm(D%W<Dm\&ffi(0±m^t>tiZ>&f\- 3 2 mm 2 (Cio 
V^TXiS-^-r^ uTi-y^Cf— (EPMA) O 

mm) cowtxifc*»>>'h«**«ip¥ft&oio««± 

O»^t0. 2 5 »m 2 Sk±<DlSL*i:mk®l&fttE$0k 
L, S (fiEft) CO^X^^^V h 1 0 



[0 0 2 8] 3c2fC:}oV>T f ^iNl^bN7^)»i 
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[0 0 2 9] 
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